The objectives were to study the associations of perceived health care-related and patient-related factors with self-reported noncompliance with antihypertensive treatment. General practitioners identified all of their hypertensive patients in 26 health centres during 1 week in 1996 (n = 2219). A total of 1782 (80%) patients participated in the study, of whom 1561 were on antihypertensive medication. Based on 82 opinion statements in two questionnaires, 14 problem indices were formed by using factor analysis. Out of these, summary variables concerning problems related to the health care system and the patients were formed. Logistic regression models, including interaction analyses, were used to study the associations with non-compliance. The results were
Introduction
According to the national NHANES III study in the United States, less than a quarter of hypertensive patients have their blood pressure in good control (under 140/90 mm Hg). 1 In Finland, a national study carried out in primary health care in the late 1990s showed that only every fifth medically treated hypertensive patient had their blood pressure in good control. 2 Still, slight progress in this respect had taken place in Finland in the 1990s. 3 The newest guideline for the treatment of hypertension in Finland was published in January 2002, and they specify the target goal for good control as less than 140/85 mm Hg. 4 A special emphasis is also placed on reducing the over-all cardiovascular risk in accordance with the international trends. [4] [5] [6] Noncompliance, however, continues to be a universal problem, which has been reported to be one of the main causes for refractory hypertension. 7 Although that the majority of patients had at least one perceived health care system-related (88%) and patient-related problem (92% a large number of studies on patient compliance have been made during the past 25 years we still face the problem of non-compliance, which leaves many questions unanswered. We have shown earlier that a high number of perceived problems in everyday life related to the treatment of hypertension are associated with non-compliance with antihypertensive treatment. 8 The patient-perceived problems of everyday life are, however, only one aspect of the problems experienced in antihypertensive treatment. How does the health care system meet the problems of hypertensive patients? How do different patients react to the treatment of hypertension? To better understand these phenomena, we wanted to study the associations of factors related to the health care system as well as to the patients with self-reported non-compliance with medication in an unselected group of medically treated hypertensive patients in primary health care.
Subjects and methods

Study population
Thirty health centres from among the total of 250 health centres in Finland were randomly selected by stratified sampling as representative of the basic population in terms of size and geographical location. Twenty-six health centres with a total of 255 general practitioners agreed to participate in the study. During 1 week in October 1996, these general practitioners identified all of the hypertensive patients who visited them (n = 2219), informed them about the study, and asked them personally to participate, excluding after-hours consultations. During the following 3 months, public health nurses sent to these patients two questionnaires and an invitation to a health examination. A total of 1782 (80%) patients filled in and returned their questionnaires and participated in the health examination. At the health examination, a trained public health nurse filled in any missing data in the first questionnaire. The second questionnaire, which contained confidential data concerning the local doctors, nurses and health care system, was handed to the nurse in a closed envelope to be mailed to the university. One patient was excluded from the study because of missing data on most items. Furthermore, an additional 220 patients were excluded from the analysis because they were not currently using any antihypertensive medication. Thus, the final study population consisted of 1561 patients, 615 (39.4%) men and 946 (60.6%) women, with a mean age of 64.2 ± 11.4 (s.d.) years ( Table 1) . The mean diastolic and systolic blood pressures were 88.2 mm Hg ± 10.1 (s.d.) and 152.8 mm Hg ± 19.9 (s.d.). Twenty percent of the men and 21% of the women had their blood pressure levels under 140/90 mm Hg. Furthermore, the mean number of antihypertensive drugs was 1.6 ± 0.7 (s.d.).
Methods
At the health examination, blood pressure was measured by trained health nurses twice after 15 min of rest in a sitting position using a mercury sphygmomanometer according of the international MONICA protocol.
The formulation and distributions of the 14 sum variables as well as the distributions of the 45-item variables used have been described earlier in this journal. 9 Briefly, the two questionnaires included a total of 82 questions about lifestyle, the health care system, medication, blood pressure measurements and the patient's experiences related to the treatment of hypertension. These topics had been identified based on the literature as being critical for good hypertension care. The original questions were answered on a 5-point Likert scale (1 = absolutely agree, 2 = somewhat agree, 3 = somewhat disagree, 4 = absolutely disagree, 5 = does not concern me) or a 3-point scale (14 questions: 1 = correct, 2 = not correct, 3 = does not concern me). Using factor analysis with varimax rotation on these 82 questions, 21 factors were identified (eigenvalue of у 1.0 was used as the cut-off point). The questions in the factors were dichotomized as 1 (those with a problem: absolutely agree, somewhat agree and correct) and 0 (those without a problem: somewhat disagree, absolutely disagree, not correct, does not concern me and missing data). Our main emphasis was on medical treatment of hypertension, and we used questions about compliance that were specific to the use of antihypertensive medication. Thus, based on reliability and internal consistency analyses, a total of 14 problem areas covered by 45 questions were identified. These questions were summed up to form 14 indices (2-6 items in each), after which each of the indices was recoded as 0 (low), 1 (medium), 2(+) (high number of) problems.
Variables used in the analyses
The following six indices were summed up to form the summary variable 'Perceived health care systemrelated problems': lack of follow-up by health centre (four items), perceived lack of information (three items), perceived lack of support by health care personnel (six items), problems with practical aspects of hypertension care (two items), problems with scheduling blood pressure measurements (two items), and lack of special reimbursement for medication (two items). Likewise, the following six indices were summed up to form the summary variable 'Patient-related problems': difficulties to accept being hypertensive (four items), careless attitude towards hypertension (five items), hopeless attitude towards hypertension (two items), perceived tension related to blood pressure measurement (two items), perceived economic problems (four items), and frustration with treatment (three items). Finally, both summary variables were recoded by quartiles as a low (0-1), medium (containing the two middle quartiles) (2-4) and high (5-12) number of problems.
The patients were also asked whether their cur-rent antihypertensive medication had caused any adverse effects. The patients with missing data were classified as having no adverse effects. By combining this question and the 'adverse effects of hypertension treatment on sexual functions' sum variable (one of the 14 indices), the adverse drug effects variable was formulated. It was dichotomized as 0 and 1 + in such a way that one positive answer to the original questions indicated an adverse drug effect. The dependent variable 'Self-reported non-compliance' was based on whether the patients admitted to having taken their antihypertensive medication less often than prescribed by the doctor during the last year (prevalence 8.3%) and the 'modification of dosage instructions' sum variable (prevalence 7.5%) of four items (one of the 14 indices). Table 2 presents the six perceived health care system-related problem indices and the six patientrelated problem indices as well as the percentages of self-reported non-compliant patients in each index. Linear-by-linear associations of chi-square tests were used to study the associations of noncompliance within these indices.
Data analysis
To study the associations of different factors with self-reported non-compliance, we used logistic regression models. The model with non-compliance as the dependent variable included the following independent variables (the reference categories are mentioned first): gender (female, male), age (Ͻ55, 55-64, 65-74, у75 years), education (lower: basic school, junior secondary school, primary school or parts of these curricula; higher: academic education, occupational school, vocational school, senior secondary school), complexity of hypertension treatment (1, 2, 3-5 drugs), duration of hypertension (Ͻ5, 5-9, у10 years), perceived health care systemrelated problems (low, medium, high), patientrelated problems (low, medium, high) and adverse drug effects (no, yes).
To clarify possible interactions, we also made logistic regression interaction analyses. These analyses contained all the 28 possible two-way interactions between the variables. The inclusion of threeway interactions was not meaningful because of the small number of cases in the cells. First, we removed the interactions 'perceived health care systemrelated problems' × 'complexity of hypertension treatment', 'age' × 'complexity of hypertension treatment' and 'age' × 'perceived health care systemrelated problems' from the model because their 95% confidence intervals (CI) were too wide. After that, we removed one by one all the variables which had a P-value of at least 0.10 and all the interactions whose overall test of the categories were nonsignificant (P у 0.05) from the model based on the highest P-value. The basic variables of age and gender were not removed from the models in any case. Variables included in any interaction in the model were never removed before the interaction. P-values of less than 0.05 were considered statistically significant in all analyses. The final interaction model contained only one interaction 'education' × 'complexity of hypertension treatment'. Only one variable, ie, the duration of hypertension was nonsignificant or not part of any interaction and was therefore removed from the model. This model did not change appreciably the results of the other variables in the model. The odds ratios and 95% confidence intervals for the interaction calculations were based on the method presented by Hosmer and Lemeshow. 10 
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Results
Fourteen percent of the males and 13% of the females reported non-compliance with antihypertensive medication (Table 3 ). The prevalence rates of reported non-compliance for men were as follows in the different age groups: 17% (Ͻ55 years), 18% (55-64 years), 9% (65-74 years) and 13% (у75 years). The respective prevalence rates for women were 15%, 17%, 13% and 9%.
The majority of patients reported having one or more perceived health care system-related problems (88%) and patient-related problems (92%). The proportion of non-compliant patients increased significantly along with the increasing number of perceived health care system-related problems from 5% (low) to 24% (high) ( Table 3) . A similar significant trend was also seen in patient-related problems from 5% to 21%. Those with high levels of perceived health care system-related problems were almost four times more likely to be non-compliant. Moreover, those with high levels of patient-related problems were over two times more likely to be non- compliant. Patients who had experienced adverse drug effects were significantly more likely to be noncompliant (17%) than those without adverse drug effects (11%).
In the final interaction model, we identified two significant findings in the interaction (data not shown). In the patient group using two antihypertensive drugs, non-compliance was less prevalent among the more highly educated than among the less educated (adjusted odds ratio (OR) 0.50; 95% CI 0.26, 0.98). Further, among the patients with higher education, non-compliance was less prevalent in the group with two drugs than in that with one drug (adjusted OR 0.47; 95% CI 0.23, 0.97).
Discussion
This study showed that nine out of 10 hypertensive patients had both perceived health care systemrelated problems and patient-related problems. Patients experiencing high levels of perceived health care system-related problems were almost four times more likely to be non-compliant. Furthermore, the patients with a high level of patientrelated problems were over two times more likely to be non-compliant. These problems were further enhanced by possible problems in prescribing prac-tice. For example, half of our patients had only one antihypertensive drug in use. Based on these facts, it is not surprising that the majority of hypertensive patients in Finland do not have their blood pressure in good control. 2 The association between perceived health care system-related problems and non-compliance shows the importance of continuous quality improvement of the structures and processes of care. These results also remind us that we cannot underestimate the importance of communication with patients. It was already shown more than 20 years ago that, by reorganising treatment, it is possible to reduce the number of drop-outs from treatment. 11 Information about hypertension and its treatment is an important way to increase patients' motivation and understanding. In a study done in a Czecho-Slovakian population, 52% of the patients who were aware that increased blood pressure reduces life expectancy used the prescribed drug regularly compared with 9% of those without this knowledge. 12 Patients' expectations to spend more time with the doctor have been associated with worries about their health and self-perceived poor or fair health status. 13 It has also been found that when the pre-visit estimate of the time needed was higher than the post-visit estimate of the time spent with the physician, the patients were less satisfied. 13 Patients with unvoiced desires during office visits have been reported to be less satisfied with the care they received and have reported least symptom improvement.
14 Decreased overall satisfaction with care and dissatisfaction with the interpersonal manner of the doctor have also been associated with lower compliance with medication. 15 Hypertensive patients have different attitudes, characteristics and thoughts related to hypertension and its treatment. These personal features may help us to identify different patient types. A study including hypertensive patients, mainly ones on non-pharmacological treatment, reported careless, serious, adjusted and frustrated attitudes towards hypertension and its treatment. 16 We formulated the patient-related problem variable by combining six possibly problematic attitudes and characteristics, including carelessness and frustration. In our study, self-reported non-compliance was associated with problems of this kind. It has been reported previously that a higher level of hostility in the patient has been associated with skipping antihypertensive medication doses. 17 In medical practice, it would be important to recognise the different types of patients and be able to suggest to each of them a suitable mode of hypertension treatment. Attitudes are not unchangeable, and problematic attitudes that are modifiable are therefore a challenge to the health care system. In that way, it would be possible to help our patients to achieve the goals of treatment and to improve economical allocation of health care resources.
We found an association between non-compliance and the experience of adverse drug effects, which
Journal of Human Hypertension supports the findings of earlier studies. 18, 19 The only interaction on non-compliance was between education and the complexity of hypertension treatment. It has been shown that compliance decreases with an increasing number of daily doses. 20, 21 Higher education has been associated with receiving more advice and information from the physician. 22, 23 The number of drugs in antihypertensive treatment may be related to the severity of the disease and the appropriateness of treatment. It may be that patients with different levels of education have certain types of reaction at the different stages of the disease and treatment concerning compliance. This possible interaction should also be taken into consideration in future studies.
Limitations of the study
According to our study, 86% of patients seemed to be compliant with their antihypertensive medication. This is, however, in disagreement with the findings of some other studies. 24, 25 Our study design may include some selection bias and hence underestimate the true level of non-compliance, since inclusion in the study provided that the patients visited a general practitioner. Self-reporting seems to overestimate the level of compliance, 26 which also seemed to be the case in our study. For patients, it may be difficult to reveal the non-compliant behaviour of being a 'poor' patient, and part of patients may have been afraid of revealing their non-compliance in the local health centre. Questions approaching the multi-dimensional aspects of noncompliance would cover a broader area of the field of non-compliance.
Self-completion of questionnaires at home is always a problem. In particular, the patients who have problems filling in the questionnaire by themselves might get too much help from the other family members. For patients, the threshold to criticizing the local health care system may be high. To avoid this, we asked the patients to place the second questionnaire in a sealed envelope, and hand it to the nurse to be mailed directly to the university. In this way, the patients felt free to report a lot of perceived health care system-related problems. Because this study was cross-sectional, it is impossible to monitor the changes in and the emergence of perceived health care system-related, patient-related and noncompliance problems. Prospective studies are needed to gain more detailed information about these phenomena.
'Lack of follow-up by health centre' was included among the perceived health care system-related problems. This sum variable may also have some connection with patient-related problems. However, the connection with perceived health care systemrelated problems was assumed to be stronger, because by the time when the patients walk out of the health centre, they should have been told when to come for the next appointment. However, the two major problems implicit in this sum variable were related to the fact that the scheduling of hypertension visits at the nurse or the doctor had been left to the patients to decide.
'Perceived tension related to blood pressure measurement' was included among the patientrelated problems. This sum variable is probably related to the well-known problems of blood pressure measurements, such as the white coat effect. However, the strength of the association between subjective feelings and objective measurements remains unexplained because of the study design. We assumed that these subjective feelings are better associated with the characteristics of the patient and the way in which certain patients react in different exciting situations.
'Perceived economic problems' were included among the patient-related problems. This sum variable may include patients who have real economic problems in treating their hypertension. In Finland, however, social services are quite good, and the patients who cannot afford to buy their medication are provided it free of charge. Twenty-five percent of the patients reported having perceived economic problems. At the same time, however, 90% of the patients were living on a pension, salary or entrepreneur's income. Therefore, we assumed that this question is actually related to the economic priorities in the person's life and is thus a patientrelated problem. The meaning of educational differences is probably different in different age groups. Unfortunately, the proportion of academically educated patients was too small to be treated as a separate group.
In conclusion, our findings showing that both perceived health care system-related problems and patient-related problems were prevalent and associated with noncompliance in antihypertensive treatment suggest that primary health care in Finland has certain deficiencies. The health care system is now faced by a challenge that requires a response. Efforts to meet the specific needs of different patient groups and to improve the service system should be at the focus of progress in antihypertensive treatment in primary health care.
